Dysregulation of the mTOR-signaling pathway is implicated in the development of temporal lobe epilepsy. In mice, deletion of PTEN from hippocampal dentate granule cells leads to mTOR hyperactivation and promotes the rapid onset of spontaneous seizures. The mechanism by which these abnormal cells initiate epileptogenesis, however, is unclear. PTEN-knockout granule cells develop abnormally, exhibiting morphological features indicative of increased excitatory input. If these cells are directly responsible for seizure genesis, it follows that they should also possess increased output. To test this prediction, dentate granule cell axon morphology was quantified in control and PTEN-knockout mice. Unexpectedly, PTEN deletion increased giant mossy fiber bouton spacing along the axon length, suggesting reduced innervation of CA3. Increased width of the mossy fiber axon pathway in stratum lucidum, however, which likely reflects an unusual increase in mossy fiber axon collateralization in this region, offsets the reduction in boutons per axon length. These morphological changes predict a net increase in granule cell innervation of CA3. Increased diameter of axons from PTEN-knockout cells would further enhance granule cell communication with CA3. Altogether, these findings suggest that amplified information flow through the hippocampal circuit contributes to seizure occurrence in the PTEN-knockout mouse model of temporal lobe epilepsy.
Introduction
Dentate granule cells are a major component of the classic hippocampal trisynaptic circuit, receiving information from the entorhinal cortex and passing it through long, unmylenated mossy fiber axons onto the apical dendrites of the CA3 pyramidal cells. In a normal brain, the dentate granule cells are hypothesized to block the throughput of excess excitation into the hippocampus, acting as a gate or filter (Hsu, 2007) . It is hypothesized that a breakdown of this filtering occurs during temporal lobe epilepsy (TLE), resulting in excessive signaling to CA3. Changes in granule cell structure and connectivity coincide with the onset of spontaneous seizures and might facilitate this breakdown (Ben-Ari and Dudek, 2010; Cameron et al., 2011; Dudek and Sutula, 2007; Hester and Danzer, 2013, 2014; Murphy et al., 2012; Parent and Kron, 2012; Santos et al., 2011; Scharfman and Pierce, 2012; Singh et al., 2013) .
Mossy fiber axons have three types of presynaptic terminals: giant mossy fiber boutons, filopodial extensions of these boutons and en passant terminals. Mossy fiber boutons synapse with elaborate clusters of spines -thorny excrescences -located on the basal and apical dendrites of the CA3 pyramidal cells. Each mossy fiber axon gives rise to approximately 15 giant boutons, and individual CA3 pyramidal cells can receive input from up to 50 granule cells (Amaral et al., 1990) . Filopodial extensions and en passant terminals, on the other hand, form synapses with the GABAergic interneurons (Acsády et al., 1998; Frotscher, 1989; Seress et al., 2001) . The filopodial and en passant terminals are responsible for another 40 to 50 synapses per mossy fiber axon, allowing for feed-forward inhibition to regulate CA3 network excitability (Acsády et al., 1998) . Structural plasticity of the mossy fiber axons and boutons has been noted in animal models of TLE. In fact, epileptogenesis has been associated with increased bouton density, increased number of release sites, increased active zone length and changes in the distribution of thorny excrescences of the CA3 pyramidal cells (Danzer et al., 2010; Goussakov et al., 2000; McAuliffe et al., 2011; Upreti et al., 2012) . Enhanced connectivity between granule cells and CA3 pyramidal cells, therefore, may promote epileptogenesis in traditional models of TLE. Recently, our lab described a novel transgenic mouse model of TLE, in which the mammalian target of rapamycin (mTOR) pathway inhibitor phosphatase and tensin homologue (PTEN) could be selectively deleted from adult born granule cells (Pun et al., 2012) . These mice
